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STUDIES ON THE CARBON AND NITROGEN
CYCLES IN THE SOIL.
II. THE EXTRACTION OF THE ORGANIC MATTER OP
THE SOIL WITH ALKALI.1
BY C. W. B. ARNOLD AND H. J. PAGE.2
(Rothamsted Experimental Station,3 Harpenden, Herts.)
THE permanent wheat and root experiments on Broadbalk Field and
Barnfield at Rothamsted afford an unrivalled opportunity of studying
the influence of widely varying and long-continued manurial and
cultural treatment on the organic matter of the soil. As a result of the
different treatments which the various plots in the above experiments
have received consistently for a large number of years, very marked
differences in carbon content and in fertility have arisen. The investi-
gations described in this paper had the object of comparing the properties
of the organic matter of the soils of certain of these plots. It was thought
that the quantitative differences in carbon content and in fertility of
these soils might be accompanied by qualitative differences which would
affect the solubility of the soil organic matter in alkali.
Table I. Particulars of soils used.
Manurial treatments (annual)
Soil from (per acre)
Barnfield. Permanent roots. Plot 1 C Dung 14 tons since 1856 + rape
Since 1856 (1856-75 swedes. cake 2000 lb. since 1861*
1876 onwards, mangolds)
Plot 8 0 No manure since 1856
Plot 8 A Ammonium salts, 400 lb. since 1856t
Broadbalk Field. Permanent Plot 2 B Dung 14 tons
wheat. Since 1843
Plot 3 No manure (since 1839)
Plot 7 Ammonium salts 400 lb., super-
phosphate 392 lb., potassium
sulphate 200 lb., sodium and
magnesium sulphate each 1001b.
* From 1856-61 this plot received 3000 lb. sawdust per acre annually instead of rape
cake.
f From 1856-61 the rate of application of ammonium salts was only 200 lb. per acre.
1
 For Part I of this series see the preceding paper (I).
2
 One of the authors (C.W.B.A.) was awarded the degree of Doctor of Philosophy by
the University of London in 1925, for a Thesis embodying the results described in this
paper.
3
 The investigations dealt with in this series of papers were carried out by or under
the direction of the senior author (H.J.P.) up to the time of his leaving the Rothamsted
Experimental Station in 1927.
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The soils selected for examination are shown in Table I, which also
summarises the treatments applied to the plots from which the soils were
taken. For fuller particulars of the treatment of these plots and the
crop yields, see (2).
The samples of soil were taken in the autumn of 1921. The sample
from each plot consisted of a mixture of twelve cores from points
uniformly distributed over the whole plot.
That the differences in manurial treatment detailed in Table I have
brought about considerable differences in the carbon content of the soil
is seen from Table II.
Table II . Carbon content of soils used.
Soil
Barnfield:
Broadbalk:
Plot 1 C
Plot 8 0
Plot 8 A
Plot 2 B
Plot 3
Plot 7
Organic carbon
% on oven-dry soil
Surface soil
2-85
0-81
0-84
2-91
0-89
110
Subsoil
102
0-54
—
104
0-62
0-64
In the study of these soils the endeavour was to find a method of
broadly fractionating the soil organic matter, simple enough to be
applied in routine soil analysis. The method adopted was to treat the soil
with dilute acid, and then to determine the total carbon content of the
acid-treated soil and the carbon content of the extracts obtained with
cold and hot alkali under standard conditions.
EXPERIMENTAL.
Before extracting a soil with alkaline solvents, for the estimation
of alkali-soluble humic matter, it is usual to treat it with weak hydro-
chloric acid in order to decompose carbonates and liberate humic matter
combined with calcium and other metals. The presence of chlorides is
objectionable in a combustion process, owing to the liberation of chlorine,
but sulphuric acid, although unobjectionable when a wet combustion
method is to be used, was found for other reasons to be unsuitable.
Further, the washing of soil on filter paper after treatment with acid is
undesirable, owing to the risk of introducing fibres of cellulose into the
soil. The method finally adopted consisted of treatment with hydro-
chloric acid, followed by washing by decantation.
When soil is shaken with an excess of dilute hydrochloric acid, the
first stage of the neutralisation, corresponding to the decomposition of
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carbonates and "humates," and the bringing into solution of exchange-
able bases, is rapid. There follows a slower neutralisation owing to more
deep-seated action. It is only the first rapid stage which is needed as a
preliminary to the extraction of hurnic matter. It was found that with
the soils dealt with in this investigation, shaking for 2 hours with 2 per
cent, hydrochloric acid was sufficient to complete this first stage.
The standard conditions adopted were:
An amount of air-dried fine earth corresponding to 10 gm. of the
oven-dried material was shaken for 2 hours with 25 c.c. of 2 per cent,
hydro chloric acid, set aside for a short time, and a portion filtered. The
amount of acid which had been neutralised was determined approxi-
mately by titration. In the subsequent treatments of further portions
of this soil, 5 c.c. more than the latter amount of acid was employed,
in order that the concentration of residual acid would be about the same
in all cases. After 2 hours' shaking the bottles were put aside until the
supernatant liquid was clear. This liquid was then removed as completely
as possible by aspiration. The bottles were then filled up with freshly
distilled water, shaken by hand, set aside, and the first washings removed
in the same manner as before. This process was repeated. The soil was
then ready for treatment with the alkaline solvent.
The bottles used for this purpose, and for the extractions, were wide
necked, with a capacity of about 250 c.c. The bottles with their respective
stoppers were all numbered and tared, so that the weight of liquid left
with the soil could be ascertained. In the subsequent extractions the
total volume of solvent could thus be accurately adjusted.
ALKALINE EXTRACTION.
Choice of the alkaline solvent.
Russell and Prescott(3) have directed attention to the dark-coloured
soil extracts which are produced by solutions of certain salts. This
suggested the use of an alkaline solvent containing a salt, as a means of
facilitating the solution of the soil organic matter.
Various combinations of salt and alkali were tried, and the conditions
of working were made as constant as possible. Solvent power was
gauged by the tint of the extract.
In this preliminary work large samples of soil were given various
preliminary treatments, viz. untreated, sulphuric acid, hydrochloric
acid, nitric acid, on the lines indicated above. The soils were then dried,
ground in a mortar and sifted. Portions of 5 gm. each were then stirred
with 20 c.c. of the various alkaline solvents, set aside for a short time.
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filtered, and the tints of the extracts compared. From the result it was
evident that untreated soil, and soil treated with sulphuric acid, was less
suitable for the purpose in view than soil treated with hydrochloric
acid. Caustic soda and caustic potash were about equal in solvent
power, and both were much superior to ammonium hydroxide of equi-
valent strength (N/2). The presence of alkali sulphates or chlorides was
not greatly detrimental to the extraction of the coloured bodies. Calcium
salts depressed the extraction, but this effect was overcome by the
addition of salts which result in the formation of insoluble calcium
compounds, notably sodium silicate.
As a result of the above experiments the composition of the stock
alkaline solvent used in all the subsequent work was as follows:
Sodium hydroxide (commercial) ... ... 44 gm.
Potassium hydroxide 2-2 „
Sodium phosphate (Na2HPO4) 2 ,,
Sodium silicate. Solution, sp. gr. 1-12 20 c.c.
Water, to make 1000
After a batch of several litres of the solvent had been prepared, it was
left for one or two days to clarify, and the clear liquid was syphoned ofi
and preserved in a full bottle to minimise atmospheric contamination.
For use, it was diluted with an equal volume of water, thus making
approximately N/2 alkali.
Rate of solution of the coloured organic matter.
A portion of soil was shaken with the diluted alkaline solvent, and
portions were removed at intervals of 30 minutes in order to observe the
tint of the extract. The process of solution of the coloured bodies was
found to occur very rapidly during the first 30 minutes, after which it
slowed down considerably. In another trial, 10 gm. of soil were mixed
with 200 c.c. of the diluted alkaline solvent and shaken for 4 hours.
After settling, the extract was removed as completely as possible. The
residue was then similarly treated with successive portions of fresh
solvent. The tint values of these extracts were:
After HC1
treatment Untreated
1st extract 4366 2578
2nd „ 1128 1252
3rd „ 367 457
4th „ 352 497
Four hours' shaking was deemed sufficient to extract the major part
of the coloured matter soluble in cold alkali.
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Eoctr action of organic carbon from Rothamsted soils.
The preliminary work described above was carried out with soil
from the surface 9 in. of Barnfield, Plot 10. The soils used for the main
investigation consisted of representative samples of the surface (0-9 in.)
and subsoil (9-18 in.) from the plots mentioned in the earlier part of this
paper. The air-dried, fine earth (3 mm.) was ground until it would all
pass a 1 mm. sieve. The amount of soil taken for each determination
represented 10 gm. of oven-dried soil.
The method of extraction may be illustrated by taking Barnfield,
Plot 1 C, surface soil as an example.
Ten wide necked, 250 c.c. bottles were fitted with rubber stoppers,
numbered and tared. 10-42 gm. of the soil (representing 10 gm. of soil
dried at 100° C.) were placed in each bottle, and 21 c.c. of N/2 HC1 added.
The bottles were shaken gently by hand, the stoppers were inserted and
tied down, and the bottles were shaken continuously for 2 hours in a
mechanical end-over-end shaker. The subsequent removal of the acid
extract and washing were carried out as already described. The bottles
containing moist washed soil were then weighed, and the weight of
residual wash water was thus ascertained. Bottle No. 1 was put aside for
determination of total carbon.
Water was next added to each of the other bottles in such quantity
that, together with the residual wash water, it made up 100 c.c. 100 c.c.
of the stock alkaline solvent were then added. The bottles were then
closed and weighed in order to verify that equal amounts of solvent
were present in all.
The bottles were dealt with as follows:
No. 1 determined total carbon in the acid-treated soil.
„ 2 determined carbon extracted in 4 hours) by continued shaking
„ 3 „ „ ,, ,, 8 „ > with the cold solvent in
„ 4 ,, „ „ ,, 16 „ J an end-over-end shaker.
„ 5 „ „ ,, ,, 3 „ "I by heating the bottles
„ 6 „ „ „ „ 5 „ neck deep in a boiling
„ 7 „ „ „ „ 7 „ water bath with occa-
j sional shaking by hand.
The remaining bottles served as duplicates or spares.
The bottles were put aside for the soil to settle, and 100 c.c. portions
of the clear extract were pipetted off for analysis. The determinations
of carbon were carried out by the wet combustion method described in
the appendix to this paper.
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EESULTS.
Table III shows the results of the carbon determination on the
Barnfield soils and their extracts.
Table I I I . Carbon content
Values expressed as
Acid treated soil
Alkaline extracts:
of Barnfield soils
percentages of the
Surface soils
Plot 1 C
2-85
4 hours' cold extraction 0-69
8 „
16 „
3 „ hot
5 n »» »
Acid treated subsoil
Alkaline extracts:
0-82
0-93
1-90
1-94
1-99
Subsoils
102
4 hours' cold extraction 0'35
8 „
16 ,, „ • „
3 „ hot
0-39
0-75
0-76
and their alkaline extracts.
oven-dried
Plot 8 O
0-81
0-23
0-23
0-26
053
0-56
—
0-55
0-20
0-21
0-40
0-40
soils.
Plot 8 A
0-84
0-29
0-30
0-32
0-59
0-60
—
—
—
—
The corresponding results for Broadbalk soils are shown in Table IV.
Table IV. Carbon content of Broadbalk soils and their alkaline extracts.
Values expressed as percentages of the oven-dried soils.
Surface soils
Acid treated soil
Alkaline extracts:
4 hours' cold extraction
Q
16 „
3 „ hot
5 „
Acid treated subsoil
Alkaline extracts:
4 hours' cold extraction
8 >] 1) »
16 „
3 „ hot
5
Plot 2 B
2-91
0-86
0-95
1-08
2-24
2-26
Subsoils
1-03
0-43
0-47
0-49
0-88
0-87
Plot 3
0-89
0-28
0-32
0-33
0-69
0-70
0-62
0-27
0-27
0-31
0-47
0-49
Plot 7
MO
0-40
0-43
0-47
0-85
0-86
0-64
0-29
0-31
0-50
0-55
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DISCUSSION OF RESULTS OF CARBON DETERMINATIONS ON SOILS
AND EXTRACTS.
For both Broadbalk and Barnfield soils, the values for the soils
themselves and for the extracts are very markedly higher in the case
of the plots which receive annual dressings of dung, as would be expected.
It is noteworthy that this difference, which is most pronounced with
the surface soils, is also evident with the subsoils although these are
below the level of cultivation. A part of this excess of carbon in the
subsoil might be due to the decomposition of the residues of roots
which penetrate below the cultivation level. In this connection, however,
it should be noted that:
(1) The excess of carbon in the subsoil of the dunged plot over that
in the subsoil of the unmanured plot is no greater on Broadbalk Field
carrying wheat, than on Barnfield carrying mangolds.
(2) The subsoil of the artificial manure plot of Broadbalk (Plot 7)
is much poorer in carbon than that of the dunged plot, and is, in fact,
scarcely any richer than that of the unmanured plot (Plot 3), although
the artificial manure plot produces a yield which is as high as that on
the dunged plot and, therefore, presumably contributes a similar amount
of root residues to the subsoil.
These facts appear to indicate that the excess of organic matter in
the subsoil of the dunged plots is not derived to any appreciable extent
from the decomposition in situ of an excess of root residues in these
subsoils, but rather, that organic matter is carried down to the subsoil
from the surface soil. This view is supported by the fact that, as shown
below, the organic matter of the subsoil is more soluble than that of the
surface soil.
The relative behaviour of the organic matter of the soils and subsoils
from the different plots, with regard to solubility in alkali, is best brought
out by expressing the results in Tables III and IV as percentages of the
total amount of carbon in the soils themselves. The results are expressed
in this way in Table V (p. 467).
It is evident from these results that the organic matter of these soils
is extracted in two stages. The greater part of the carbon soluble in
cold alkali is extracted in 4 hours, and prolongation of the extraction
to 8 or 16 hours produces only a relatively small increase. Extraction
with hot alkali, however, brings into solution about twice as much
carbon as that extracted in the cold, and here prolongation of the hot
extraction beyond 3 hours produces practically no further increase.
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These results appear to indicate that the organic matter of these soils is
present in three forms, one readily soluble in cold alkali, another only
slowly soluble in cold dilute alkali but rapidly soluble in hot alkali, and
a third which is insoluble in hot dilute alkali. Oden regards hurain,
which is insoluble in cold alkali, as the anhydride of humic acid (4).
The above results are explicable, according to this view, if we suppose
that the humic acid is extracted by cold alkali, and that the part which
is readily soluble only in hot alkali consists largely of humin, which has
first to undergo hydration to humic acid before it comes into solution
as sodium humate.
Table V. Amounts of carbon in soil extracts, as percentages of the
total carbon content of the acid-treated soils before extraction.
Alkaline
extracts
4 hours' cold
8 „
16 „
3 hours' hot
5 ,.
Plot
, *.
Sur-
face
24
28
32
66
68
Barnfield
1C
v
Sub-
soil
34
38
73
74
Plot
, '-
Sur-
face
28
28
31
65
69
8 0
(
Sub-
soil
37
38
73
73
Plot
SA
Sur-
face
34
35
38
70
71
Plot
, * •
Sur-
face
29
33
37
77
77
2 B
^
Sub-
soil
41
45
47
84
83
Broadbali field
t.
Plot 3
, *
Sur-
face
31
36
37
77
78
^
Sub-
soil
43
43
50
76
79
Plot 7
, *
Sur-
face
36
39
43
77
77
\
Sub-
soil
46
—
48
79
85
A comparison of the value for any soil with that for its'corresponding
subsoil shows that the carbon in the subsoil is uniformly more soluble
than that in the surface soil, and that this difference is chiefly due to an
increase in the part soluble in cold alkali. This supports the view, referred
to above, that a large part of the organic matter in the subsoil has been
brought down in solution from the surface soil.
Although certain minor differences are apparent between the results
from the different plots, the most striking point is the great general
similarity in the results, despite the great differences between the
treatments which the plots have received. Thus cold alkali extracts
practically identical proportions of the total carbon from the surface
soil of the dunged plot of Barnfield (1 C), and the unmanured plot (8 0).
This is also the case with hot alkali. The same is true for the corresponding
plots of Broadbalk (2 B and 3). In the case of the artificial manure plots
the proportion of carbon soluble in cold alkali is slightly higher, but
with hot alkali the proportion extracted is not sensibly different from
that, extracted from the dunged or unmanured plots. Although, as
pointed out above, the carbon of the subsoils is somewhat more soluble
than that of the surface soils, when compared among themselves the
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results for the subsoils of each field show the same close similarity as
. those for the surface soils. The values for the Broadbalk plots are
throughout somewhat higher than those for the corresponding Barnfield
plots, a fact which is presumably in some way connected with the
different cultural treatment of the two fields.
The view that the organic matter insoluble in cold alkali but soluble
in hot consists largely of humin, which undergoes hydration to humic
acid before it becomes alkali-soluble, is supported by the results of the
following experiment. The preliminary acid-treatment of soil from
Plot 1 C and subsoil from Plot 8 O on Barnfield was carried out for
2 hours at the temperature of the boiling water bath, instead of in the
cold. The alkali extractions were carried out as before. The results are
compared with those for the soils treated with cold acid in Table VI.
Table VI. Effect of hot acid treatment on alkali solubility of soil
organic matter. Barnfield soil.
Carbon in alkali extract, as percentage of total carbon.
Plot 1 C surface Plot 8 0 subsoil
Treated Treated Treated Treated
Aliali
extraction
4 hours' cold
3 hours' hot
with
hot acid
32
35
69
71
with
cold acid
24
28
66
68
with
hot acid
44
46
72
with
cold acid
37
73
73
Treatment with hot acid has caused a marked increase in the solu-
bility of the organic matter in cold alkali, but the total amount dissolved
in hot alkali is about the same, whether hot or cold acid was used. This
may be explained on the assumption that treatment with hot dilute
acid has caused the hydration of a part of the humin into humic acid.
THE TINTS OP THE ALKALINE EXTRACTS.
All the results so far described in this paper refer to the soluble
organic matter of the soils in question in terms of carbon, without any
attempt to discriminate between the different kinds of organic com-
pounds in which that carbon may occur. It is known that a great
variety of organic compounds may occur in the alkaline extracts of
soils—Schreiner, Shorey and their co-workers isolated more than 16
different compounds from such extracts (5). The quantitative deter-
mination of even a few of these compounds in alkaline extracts from the
soils dealt with in this paper would be a task of considerable magnitude,
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and would necessitate the development of a complex and specialised
analytical technique.
There is, however, one characteristic of the humic matter of soil
which readily lends itself to measurement—its colour. During the process
of humification, colourless organic materials are converted to strongly
coloured humic matter; the subsequent breakdown of humic matter
may also be attended by the production of weakly coloured or colourless
substances. The intensity of the colour of the organic matter in an alkaline
extract of soil may, therefore, be regarded as an indication of the
proportion of humic matter in that organic matter.
Measurements were, therefore, made of the tints of the alkaline soil
extracts of which the carbon content has already been recorded. The
shades of colour were very similar in all these extracts, so that reasonably
• accurate matches could be obtained in a colorimeter. The solutions used
consisted of the actual extracts used as already described for carbon
determination, which had been allowed to clear completely by settling.
The extract obtained by 5 hours' treatment with hot alkali was used as
the standard of comparison for each soil, all the other extracts from
that soil being compared with it. The final matching in the colorimeter
was carried out with solutions which had been adjusted by dilution
where necessary until they did not differ by more than 20 per cent, in
tint. The ratio of tint to carbon content is arbitrarily fixed as unity for
the 5 hours' hot alkali extract in the results quoted below, so that the
variations in the tints of the organic matter of the other extracts may
be judged by the degree of variation of their tint/carbon ratios from
unity.1 The results are shown in Table VII (p.- 470).
In the case of the Barnfield surface soils it is seen that there is, on
the whole, little variation in the values for the different extracts from
any one soil, indicating that the tint of the readily soluble organic-carbon
(soluble in cold alkali) is not greatly different from that of the organic
carbon, soluble in hot alkali. In the case of the two Barnfield subsoils,
however, the readily soluble organic carbon has a weaker colour intensity
1
 These tint/carbon ratios were actually calculated as follows:
If the 5 hours' hot extract, containing x per cent, of carbon, in a column a mm. high,
was matched in the colorimeter by a column 6 mm. high of another extract containing
y per cent, of carbon, then the tint/carbon ratio of the second extract, in terms of that of
the 5 hours' hot extract as unity, is
a b _ax
y ' x by'
since the tints of the solutions are inversely proportional to their heights when matched
in the colorimeter.
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than that soluble in hot alkali. The results for the Broadbalk soils are
less regular. The readily soluble organic carbon from the dunged plot
(2 B) is not very different in tint from the organic carbon soluble in hot
alkali, but in the case of the other two surface soils, the readily soluble
carbon has a higher colour-intensity than that soluble in hot alkali.
The same is true of the subsoil from the dunged plot, but in the case
of the subsoil from the other two plots the values do not show much
variation.
Table VII. Tint/carbon ratios of Barnfield and Broadbalk soil
extracts.
The tint/carbon ratio of the 5 hours' hot
extract is in each case expressed as unity.
Barnfield Broadbalk
P lo t lC Plot 8 0 Plot 8 A Plot 2 B Plot 3 Plot 7
Alkaline Sur- Sub- Sur- Sub- Sur- Sub- Sur- Sub- Sur- Sub- Sur- Sub-
extracts face soil face soil face soil face soil face soil face soil
4 hours'cold 0-97 069 0-91 — 0-90 — 0-92 1-23 — 0-93 113 1-03
8 „ „ 0-85 — 0'96 0-80 0-93 — 0-94 1-19 1-22 1-00 1-09 —
16 „ „ 0-84 0-69 100 0-76 0-91 — 0-91 116 1-15 0-84 113 106
3 „ hot 0-97 0-95 1-04 0-95 100 — 100 100 1-03 102 1-02 1-10
5 „ „ 1-00 1-00 1-00 1-00 1-00 — 1-00 1-00 1-00 1-00 1-00 100
The above results do not enable a comparison to be made between
the colour-intensities of the organic carbon of the different plots. To do
this, it is necessary to compare with one another the tints of the extracts
from the different soils and subsoils. For this purpose fresh extracts
were prepared by treatment for 16 hours in the cold and 5 hours in the
hot, all the soils being treated simultaneously under identical conditions.
The extracts were set aside for 48 hours, cleared by centrifuging and
compared colorimetrically. From the results obtained, in conjunction
with the carbon contents of the extracts, tint/carbon ratios were calcu-
lated as before, the standard of comparison in this case being the 5 hours'
Table VIII. Tint/carbon ratios of Barnfield and Broadbalk soil
extracts.
Eeferred to that of Barnfield, Plot 8 O,
subsoil hot extract expressed as unity.
Barnfield Broadbalk
Plot 1 C Plot 8 O Plot 8 A Plot 2 B Plot 3 Plot 7
Alkaline Sur- Sub- Sur- Sub- Sur-.Sub- Sur- Sub- Sur- Sub- Sur- Sub-
extract face soil face soil face soil face soil face soil face soil
16 hours' cold 1-95 1-45 149 0-98 1-55 — 1-98 1-56 1-76 1-14 1-65 1-30
5 hours' hot 2-02 1-60 1-43 100 1-49 — 200 1-57 1-12 1-15 1-66 0-98
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hot extract from Barnfield, Plot 8 0 subsoil, for which the tint/carbon
ratio was expressed as unity. The values obtained are shown in Table VIII.
Three points are clearly seen from these figures:
(1) The organic carbon extracted from the surface soils is more
deeply coloured than that of the corresponding subsoils.
(2) The organic carbon is most deeply coloured in the extracts from
the surface soils which receive annually heavy dressings of dung (Plots
1 C and 2 B).
(3) The organic carbon in the extracts from the subsoils of the plots
receiving no dung or artificial fertilisers is least strongly coloured of all.
Too great importance must not be attached to the values for the hot
extracts, since it has been found that the tint of the extracts diminishes
somewhat with heating, the loss falling relatively most heavily on the
weakest coloured solutions. Some of the apparent anomalies in Table VII
may be due to this cause, but not the higher values given by the hot
extracts of the Barnfield subsoils compared with the cold extracts. In
Table VIII, however, most of the results show a reasonably good
agreement between the values for the cold and hot extracts. The cold
extracts in any case are free from this objection, and the variations in
the tint/carbon ratio in Table VIII for these extracts, from which the
above conclusions have been drawn, may be interpreted on the assumption
that the organic matter in the extracts is of two types, colourless and
coloured.
Actually, of course, it is possible that there is a series of substances
with tints ranging gradually from entirely colourless, through increasing
degrees of colour-intensity to the most strongly coloured bodies. How-
ever, in the present state of our knowledge of the nature of the organic
substances of soils, and in the absence of reliable methods for their
separation and characterisation, it is not possible to interpret the tint/
carbon ratio of the organic matter of a given soil from this point of view.
But if we select a standard preparation of strongly coloured humic
matter, and compare the soil extracts with it colorimetrically, we can
calculate the relative proportions of the organic carbon which would have
to be present in the form of colourless non-humic organic matter, and
in the form of the coloured standard humic material, to give the tint/
carbon ratio obtained for the extract in question. Although this procedure
is essentially an empirical one, it affords a- basis of comparison of the
different extracts, from which we can express the degree of humification
of the organic matter of that extract in terms of the standard humic
material.
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The material that was selected for this purpose was the preparation
made by Merck, under the name of "Acidum Huminicum". Although
this is by no means a "pure" material, it is readily procurable, and is a
typical humic preparation. The carbon content of this material, dried at
100° C, was 53-79 per cent. Solutions of this material were made in 2V/2
caustic soda, of strengths comparable with the cold and hot soil extracts,
and compared in the colorimeter with the same standard as used above
(Barnfield, Plot 8 0, subsoil 5 hours' hot extract). When the "acidum
huminicum" was dissolved in cold alkali, the tint/carbon ratio, on the
same basis as that used in Table VIII, was 4-92, whilst after the solution
had been kept at 100° C. for 5 hours the tint/carbon ratio was 4-56, the
heating having caused a certain loss of colour. It will be seen that
the tint/carbon ratio of the "acidum huminicum" is much higher than
that of any of the soil extracts.
From the tint/carbon ratios of the 16 hours' cold extracts of the
soils, and the value for the cold alkaline solution of "acidum huminicum",
the proportions of the total carbon in these extracts which would be
present in the form of colourless non-humic substances have been cal-
culated with the following results (Table IX):
Table IX. Calculated percentages of total carbon present in
the form of colourless substances.
Surface soil
Subsoil
Plotl
60
69
16
C
hours cold
Barnfield
A
Plot 8 0
70
80
alkali
Plot
69
extracts.
8 A Plot 2 B
60
69
Broadbalk
Plot 3
64
77
Plot 7
66
74
The basis of these figures is, of course, empirical. They indicate the
percentage of the total carbon which would be present in the colourless
form if the whole of the coloured material were present in the form of
"acidum huminicum". Whilst these results emphasise the need for
further work with a view to separating the coloured and the colourless
constituents of the organic matter in alkaline soil extracts, it must be
remembered that "acidum huminicum" is a preparation from peat,
and that possibly the coloured humic matter of mineral soils is intrinsically
less strongly coloured than that of peat. If this is so, the calculated
values in Table IX may be greatly in excess of the actual percentage of
non-humic, colourless organic matter in the extracts.
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APPENDIX.
THE DETERMINATION OP ORGANIC-CARBON IN SOILS AND
SOIL EXTRACTS.
For the determination of the carbon content of alkaline extracts of
soils, only a wet combustion method is suitable, in which the soils or ex-
tracts are oxidised by a mixture of chromic and sulphuric acids, and the
carbon dioxide produced is absorbed by caustic soda in a Eeiset tower.
Carbonated alkali is then determined by titration with a standard acid,
using first phenolphthalein then methyl orange as indicators. A tube of
hot copper oxide was introduced between the combustion flask and the
absorption tower, in order to complete the oxidation of any carbon
compounds which had escaped oxidation in the chromic acid mixture.
This method was modified as follows:
A detector was used whereby the gas stream could be diverted past
an exposed drop of baryta, in order to show when a combustion was
complete, and also whether the air purifying system was efficient.
A U-tube containing baryta, beyond the Reiset tower, showed that
the Reiset tower was inefficient when a large rush of carbon dioxide
occurred, as, for instance, in the first period of a combustion. A modified
absorption tower was devised to meet this contingency.
The oxidation of soils with the chromic-sulphuric acid mixture was
effected in a Kjeldahl flask, while a current of purified air was drawn
through the flask.
The soil to be oxidised was placed in a Kjeldahl flask, and 10 c.c. of
the chromic acid mixture was introduced by means of the dropping
funnel passing through one hole of the doubly bored rubber stopper.
The bore of the funnel was washed out with a few drops of water, after
which 50 c.c. of strong sulphuric acid were introduced, and heat was
gently applied.
For the oxidation of alkaline extracts of soils it was essential to
concentrate them. By concentration at atmospheric pressure, it was
difficult to avoid the absorption of appreciable amounts of carbon
dioxide from the air. This was, however, avoided by evaporation under
reduced pressure.
The extract was concentrated in the Kjeldahl flask, in which the
oxidation with chromic acid was to be subsequently carried out. When
the extract was sufficiently concentrated, air was gradually admitted
through a soda lime tube and the flask was left to cool, after which the
extract was ready for combustion. When cold, the concentrated extract
Journ. Agric. Sci. xx 31
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occupied about 5 c.c, as a paste, or less as a brown solid. The combustion
was carried out in the same manner as for soils. For the combustion
the current of air entered through the dropping funnel to the lower part
of the combustion flask. The end of the dropping funnel should neither
be constricted nor turned up, as these promote blocking. Acid vapours
from the combustion flask were largely condensed and returned by a
reflux condenser. All that escaped condensation passed directly into
a silica combustion tube containing granular copper oxide between
copper gauze plugs. This tube was maintained at a dull red heat through-
out, and served to oxidise completely any volatile carbon compounds
which had passed from the combustion flask. Chlorine was largely
arrested by the copper spirals. The gases then passed to the carbon
dioxide detector, and thence through a suspension of silver sulphate to
remove any chlorine which had passed the copper spirals. The purified
gas passed thence into the absorption tower.
In the later part of the work described in this paper, carbon dioxide
was estimated gravimetrically. The only additional purification necessary
was the removal of moisture, which was effected by the insertion of a
drying tube rilled with pumice fragments and concentrated sulphuric acid.
The carbon dioxide detector was placed in a by-pass between the
silica combustion tube and the silver sulphate tube. This consisted of
a U-tube with side tubes, the gases entering by one arm and leaving
by the other. Both limbs of the U-tube were closed by rubber stoppers,
one of which carried a dropping funnel, the end of which was drawn
out to a fine point, so that a very small drop of baryta solution could
hang suspended immediately in the path of the gases entering by the
side arm. The drop could be renewed from the funnel, and the carbonated
drop drawn out through a stopcock at the base of the U-tube. The
appearance of the contents of the combustion flask gave a fair indication
of the progress of a combustion, and after a suitable time the gas stream
was examined for carbon dioxide by diverting it past the baryta. At the
first indication of turbidity in the drop of baryta, the direct path was
resumed. This device was also used before starting a combustion, to
ascertain whether the joints were good and the purifying tubes efficient.
The combustions were carried out as follows:
The combustion tube was heated, and a current of air was drawn
through the apparatus with an empty Kjeldahl flask in position until
no carbon dioxide could be detected in the stream. Suction was then
stopped, and when the pressure had equalised, the Kjeldahl flask
containing the soil or the concentrated extract was then substituted
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for the empty Kjeldahl flask and the carbon dioxide absorption tubes
were connected. The oxidising mixture was then added and as soon
as the first rush of gas had slowed down, heat was applied, and the
contents of the flask maintained at the boil until the completion of the
combustion.
The absorption of carbon dioxide in caustic soda in a Reiset tower,
for the volumetric determination, was found to be incomplete during
the first rush of gas, and other forms of tower were investigated.
A special tower was devised, consisting of a tube 60 cm. long and
1-7 cm. bore, in which 50 c.c. of alkali occupied a length of 21 cm. A
bored rubber stopper was fitted around the lower end, and to it was
vulcanised a stout disc of rubber.1 A small glass tube, closed at the base
and with one hole drawn in at the side, was fitted over the stopper and
served to catch drops. The tower was held upright in a small filter flask
which was partly filled with sulphuric acid so as to reduce the gas
capacity of the apparatus. A large number of holes was pierced in the
rubber disc with a pin, and it was found that when suction was applied,
an exceedingly fine mist of bubbles was produced in the alkali, which
caused it to fill up 35 cm. to 40 cm. of the tube. Under these circum-
stances perfect absorption of carbon dioxide was invariably achieved.
A fine spray was thrown up for 4 cm. to 8 cm. above the surface of the
alkali. To prevent the escape of this, a ball of paraffin wax was dropped
into the tower, and this was subsequently poured into the titration flask
with the alkali. It was possible to wash out this tower, the rubber foot,
and the "drop tube" without unduly diluting the alkali. Owing to the
smallness of the holes in the rubber, the tower could be disconnected
from the flask without more than a drop of the alkali escaping into the
"drop tube".
In order to obtain the best possible end points in the double titration
it was necessary to use "A.R." caustic soda. It is desirable to keep the
volume of the liquid as small as possible during the titration; this was
accomplished by the use of 42V sulphuric acid until the first stage of
neutralisation was nearing completion. After this point, iV/2 acid was
used.
Although the conditions worked out for this double titration by
Browne and Escombe were rigidly observed, the sharpness of the end
points was not all that could be desired; it was found possible to improve
this by certain modifications, but in spite of this, the accuracy of the
1
 The most suitable material was that obtained from the inner tube of a motor-oar
tyre, about 2 mm. thick.
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method was less than that obtained by gravimetric determination of
the carbon dioxide, and this method was used in the later stages of the
work.
For this method, the best form of absorption tube to cope with the
violent initial rush of gas was found to consist of a simple tube, made by
drawing out ordinary wide tubing of 28 mm. bore. Such tubes had an
effective length of 19 cm. and contained in order, from the drawn-out
end, cotton wool; glass wool; phosphorus pentoxide 3-5 cm.; glass wool;
a disc of wire gauze; cotton wool; soda lime 12 cm.; cotton wool.
One such tube, and one U-tube packed with the same chemicals,
were used in tandem for each combustion. It was not unusual to find
no change in the weight of the U-tube. Two similar tubes were used as
counterpoises during the weighing, and alternately as absorption tubes.
With this form of tube it is very easy to rub off the moisture film as
there are no irregularities of surface and no taps. As the results obtained
with Broadbalk soils by the gravimetric method showed certain differ-
ences from those obtained with Barnfield soils by the volumetric method,
carbon was redetermined in some of the Barnfield soils by the gravimetric
method to ascertain whether the differences could be accounted for by
difference of method, or whether they were real.
The following comparative figures refer to 10 gm. soil.
Barnfield. Plot 1 C. Surface soil.
Volumetric method
Gravimetric method
Barnfield. Plot 1 C. Subsoil.
Volumetric method
Gravimetric method
Barnfield. Plot 8 0. Surface soil.
Volumetric method
Gravimetric method
Barnfield. Plot 8 0. Subsoil.
gm.
Total carbon olu etric ethod 0-285
Total carbon Gravimetric method 0-288
gm.
Total carbon olu etric ethod 0102
Total carbon Gravimetric method 0-106
gm.
Total carbon l etric et  0081
Total carbon Gravimetric method 0-086
gm.
Total carbon Volumetric method 0-055
Total carbon Gravimetric method 0055
Although the results from the gravimetric method are generally
slightly higher, the differences are small and insufficient to affect the
comparative value of the results obtained by the volumetric method.
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SUMMARY.
The alkali extraction of the organic matter from the soils of certain
plots of the classical permanent experiments on Barnfield and Broadbalk
at Rothamsted, receiving respectively organic manure, artificial fertilisers
and no manurial treatment, has been studied, together with a colorimetric
examination of the extracts for the comparison of the content of huroic
matter.
It is shown that, in spite of the different cultural and manurial
treatments which the different plots have received, there is a marked
similarity in the properties of the organic matter of these soils, with
regard to its behaviour on extraction with cold and hot dilute caustic
soda, and the colour intensity of the organic matter in the extracts.
The methods used for the determination of organic carbon in the
soils and their extracts are noted in an Appendix.
The results discussed in this paper are further considered, along with
those in the two next following Parts (III and IV), in Part V of this series,
in their bearings on the origin of the humic matter of the soil.
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